Mitochondrial porin required for ischemia-induced mitochondrial dysfunction and neuronal damage.
The precise molecular events of mitochondrial dysfunction, one of the last steps that irreversibly determines cellular degeneration and death, remain unknown. We introduce a novel strategy to isolate and assess the molecular mechanisms underlying mitochondrial dysfunction. Using an in vitro ischemia model, we obtained evidence for prolonged mitochondrial depolarization in rat organotypic hippocampal brain slices during reperfusion. Then, mitochondria were isolated from brain slices and mitochondrial proteins were purified on a cyclosporin-A affinity column. Cyclosporin-A is the most potent inhibitor of mitochondrial dysfunction, in particular the mitochondrial permeability transition, and therefore we hypothesized that it may interact with proteins involved in the permeability transition after mitochondria were subjected to manipulations that promote this event. Mitochondrial porin was reproducibly eluted from the affinity column using proteins from ischemic brain mitochondria, or from mitochondria exposed to oxidative stress that were used as a positive control. Anti-porin antibodies prevented mitochondrial depolarization and electrophysiological deterioration of hippocampal neurons during hypoxia-reperfusion, as measured by simultaneous fluorescence imaging and whole-cell recordings. These observations provide biochemical and functional evidence that porin is directly involved in mitochondrial dysfunction and neuronal impairment during ischemia-reperfusion, and indicate that porin could be a novel therapeutic target to prevent cellular degeneration.